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)i^-ic, m 5g o ?a a (c /ID $ ft i$ i« ^ # A t- 5 c t tc j; 0 M f b ^ 3 77 T $1 5 20 

LA^L. C ^D^J«{^:^3l.^T{i, i( ^ fel £D ^{1: T' M ;U 7 f ;V ^ - A^" @ SS S 0 ^ g f (D T . 

ft w 1^ ffl n ^ i: ^ ffl ^ w L T t/^ ;s o ^ o M 13 fi ^ mmtHam-^ ti^itr^m 

(Di&\.^ ^ CO i)^ M^t ?, -t ^ fcHb-e $,?> t mm L fc o 

m I 6 (b) f4^I5|£^rtlS^i:30kgf/cII/o/±^J5•A^^t■rlO/i m CO ffll ?L t. gm 

L L . C O a ffi fc T Ji > ^ S# PbI O ffi ffl (c j; 0 Iffl IS $ 0 s -^^^ (i 0 R M O ffi ffl if 

P. n ^ (/^ 3 P4 M ^ W L T 5 , 

S/c, Si( O fi 1^ 'f4 f^. w (f! i'JJ , f^ijx.a\ S r (DPM) v/THF 

t B i ( C e H 5 ) 3 / T H F t T a ( O C 2 H 5 ) , / T H F « & T O . CCD 30 

?1 •& r§ r« ^ AO » c J; T 51 ft t 5 if 1^ . si ff w M i« i.^ »J ( c o ti ^> t h f ; A' v^ 
¥ < tC ft L . io ^ ifii ± tc a -ff S & M ili 1* A"! Iti fvt a 1- 5 ft J6 S fS -X CO S /L f ^ 1^ ^ 
-rt^t/^tl^^lliSA'^ai-rSo HltC^-rcn60^^tt^T»l*:Xa5Xl>tt«Clr*i/^ 

$e>JC. MOCVD}CfcV>T, - tt tc « n /£ K ^ t# 5 fc i6 C *^ - C 5^ i( L 

rcmtii x^m^ c tt^mm-^ ri^o l l . ± ib * a « -e a i^ l t 5 s « t fS 

5 s If t IS X 5 < . ^nm^ii. mm. ^ s a fi * s l t !v^ -s 

^ I t I > I ^ 2') . A I W!*^miznfu.^ ntzii XM't?, c '-^ x 1-' ■ 

1 / " ' J- -1 46-/) x# An i: , * X f i^5t_ . , . / t 40 

' I . H X 15J ;-|? X X 4^ - llO b 5> & 1/^ « C m S n 

m - . li h , ^ li t- 5 » tt s > ; 

;^^C?4^1' U 7;^X^Il0^LTMft$-y:S/:46OSi^tTi: , 'xv'-.f'*, ^ , i ^ . .ff 

S X C 5j- » i5 Ite X ^ ;l/ ^- - A^ t) o ^ m » t M 0 C \ \) '\ C h -i 

C © ft »i tt . ffi * t it @ IS * 0 A< « 46 T ^ < , L » tt ff. 4 « T *■ , O , r^,, ,^ 50 
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L-b^L . c: © K {C J; -3 T t $ fc\ X O S K IS H « If tti A^" p. fi . B IS i; 0 A^' ^ l; 

tfz. mm.-^ nrzm^izii k'A<}^<kM ( 3 o ~ 4 o a t % ) # ir n r 5 „ cos* 

% £ -r 5 fc i6 iz li l!Q ft ,;„l \^ ts\.-X T o ( M : 8 0 0 'C , 6 0 « » 

I'll xt ) €^ 'ii A> '+ L T L ^ 5 

c Ic iJc i» fT 3 ft,' t'l- !C T a . Ill l« i:t © ^ -y + *^ ± t < ^fe D T L ^ a o 
'4! ft^ '15 .'ill lUft bT fil ^ fk 2g ^ M tt ^ -5 c i: g W 1- 5 „ 

* 55 m © 5t ft 33 a . 

A 1 ▼ rt g|5 ic ffj J n /i X 1 ?S i: , 

TsM^lZ ^ \ 7 iS 7. ^ m Kt ^ tc li) <D il 7.m XU t . 

i$ i« ^ # <tJ ^ U 7 X ^ M f t: SI5 £ 5 46 <D ;9' X tb □ t s 

« fb s i: . 

m 1 a a gI5 3^ ^ n T t fc , » fb S n fc M « J§ f« ^ # ty 4^ 'J 7 X iP L T a f b S 

^ 5 i?) © a fb g|5 ; 

IS ^' X tti p © ^ ij t IB ?L % 1- ?. *s w ± g5 ^ ;s tt /; c i: ^ M fc-r S o 
* 5g Bij o M f b (± . a i t i*i icmfH ^ nrz^i T.m'&t . 

,S X a SS to i£ ? tl + -fr U 7 X ^ # A -r 5 fc O X « A □ i: , 

, ^ X 'Mi S I z 'a II ^ ^ « -r S 46 O ^ IS i: . 

i d-t? + 'J 7;!j-X*M{bg|5{c5^S /c46©?5f Xffi n i: . 

* * -r 5 ^j- i( i: ; 

A2T-SA^/tM^ofa(DS-ttg«£DSfSgMc^gtt^n, ffi^^^tuE^a-xtonJcftM^n 
/c a fb S i: , 

'<{ 'b 'r^ ^ "-p « -r o /c i6 <D ftn m m Bi t - 

; ■' A' o G *l C i _ i- f , i'' ^ r>- 1 ± y 7 * 7 ^ W >^ 't ? L J ) 



n ' ' - \ J: 'J^ ? * ^ S ^ # T « n .y K i: ^ * L , 

K n h ;± , t ' ; *1- ,1 0 m fb §§ fJj Se 1 X a 2 W ± © S ffi « © iS * * L , o , g R W tt * 

tt p] jt i ;e fcif A ? ti , 

A4V M;9"XffiP©^^f.iiJfc, :^XfflniiJfc|ffla^W « fb isfliJ K |pl rt S A< x - A 

- tt C E *t 5 J-t ai ^ n fc « W ± % fi f- c i: % # a i; ^ 5 o 
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A \i fb ^ if^t ^ rz ^ <D mm i^m. t . 

* w L . 

Si ft 015 1 : 

tfiia:^X3»APA^^^^ U 7;9~Xi; LT> A r S /c ti N 2 . U A II fl ^ f k ft 

* f g b;i o ^ f k gg {± , A 1 ▼ 1^ SMC Jf$ fig S n /c :y X a K i: > 

M;tfXMSglc*^ ')7'^-^Xt^rz^ni^xmKUt. 

mil 7.m^izw.mmm^\¥k^t ^tzibn -^i'kt . 

mf\mWL^^tS^^^)7ij7.^'M.\\:W'lcm^tzibOi5 7sn^nt. 
^« 

St ft 315 i: ; 
L. 

S X tti □ O 51- iUc llfl f L ^ -r S la W ± ^ 15 tt . 

Mi 12 * X # A P *^ P) + + U 7 X t Sg f k 14 X ^ A L f-i o J: 9 L /c c: i: ^ # M t 

0 

4- "S B)J « 5; ft 77 r£ fi > X ^ SS (i v +hS rf^ * A L , L /; w ,S « icini T ill M O 

4^ ^ U 7 * X ;& Bit M 5 ^± 5 u i: C J: 0 «^ g S ?S ^ » if • « fk ? ^± T Mi S ^' X i: L , ^> 
-e. slllfm;^fX^«fk3Mi:#l*&Lafk^it safk:^atcfeo^T. 4^ -v U 7 X K S« ^ 

- itfs^ifti^mizmmL . m ik » ij t 5 iij p ^ wr s « ^ m ?s t . 

'."^ 3*^^!rr>^-r .'-^r.c^%t^-,mrzm.^mmm-m\c^ + v u 7;«'xfe5i^tt, + + 

■ ^ - z: ► < \ ' ^ ' ^ =!; 3 ffi a ^? 4a /c ^ X xi IS i: , 

/ ^ 1 L 1r ±' ^5 L r - 

' 4 i< d rti " ft i5 s ti 5 « ^ o i-r it ,g # -r 5 ,£ iK t . 
-^ifm.^u\zmmL . %.{tmm t m n ^ m t ^ ^.mmm t . 
^tt^aisrtKfci^T, mm^Ufi-'i^mrzm^mnmmiz. 4^+ u 7^xfesi^w, 4^ + 

U7^'Xfc^«i:«?)ga-:^-X^p^t#tt5J:^tclE«5tifc*"xasSt, 
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MfkgPi: ; 

>: tM m 
• "K m m 1 ) 

SI 1 ic 'J? Sis m 1 sc fi^ s M 0 c V D ffl a ft s * t o 

icmm-^ nrc^^ V T X 3 :^mxt ^TzibiDiSxmxn 4 1 . 
X mm 2 ^ mm-t ^ ^ V T X ic ^.nmm 5 ^ mii^ L . mnmm 5 ^ ^ x h itt ^ rc 

i X h ^t^ n rcmnmm 5 ^ (s =^ ^ >) 7 -ff X (.^.n:^x) ^ ^itsfi 2 2 icm ^ rc ib <d 

xtaa 7 t . 

xm^ 2 p^^i]^n?> ^ ^ V 7 x^(^wt ^ rzib(D 'T^m ( 0 7j< ) 1 s i: . ^ </ -r 5 

i( i: . 

M 0 C V D 1 O S tS If iC .1,! $ n . fUl *S A'^ 5t fS 35 8 O X S P 7 E M 5 n /c ^ 
it's 2 0 t. 

M ft S 2 0 ^ in *a -t 46 « /ta :p @ / _ ^ 3 2 1 i: . 
a{k$-(±S/c:J6©a^bgl5 2 2 i:, 

7?fXtHP70^^i){Cffl7Ll 0 l^>&t-.5i|f«E^±ai5l 0 2^SttT*§o 

i:JLTmmm^ ^ <:) mmicmmt ^ o 

H (c /T^ -r P T* fi , » a g!5 * f* 1 © a? n !if © ^ g|5 i: o T l'^ S o S 3 g|5 n -y 

K 1 0 fiUtib&^tir }5 10 . WLm^wiT) p^m t o -J ¥ I o t i: lo x m^^ 2 fi'^ m ^ 

n T 1/^ 5 „ ^ te > 4j S gin± R ifS 1^ (c PS b f > ItH « ffj « X J; o ;^ «' R H t»c §f S Ll^ 

o n H « O 4" S O F] M CD fti (-^ i: L T a , 0 - 4 5 ° f}Hf ^ L < . 8 ~ 2 0 ° J: 0 » S 
L „ flii O -M m m \c *5 V ^ T t [rij c -5 o 

* . 7> M SS O K ifii f/Ui: 0 . I 0 ~ 0 . 5 m m ' t L V v, o . 1 0 m m ^ * M X (i 
i!PlA^Ei5iTfe?.o 0. 5 mm' ^m^^t^^V7:^X^Mmitt^fcibl,cMI±(D^-v 

V 7 ^' x^±mmm\^^^>i-mi3'i^\:r o o 

krnm <D ^ ^ 7 X ^ m ^ t . ^ y /^-^mm (m i . o t o r r ) izmw 

t?>rci6lc. ±^m(0:kmM^^^y:/t,^'Z^micrj:?,, m^^mtK l -y h;I//m i n 

• (a t, 1. OTo r r) ^ M ^ ^ > ^ O U 1% li & ^ 6 . 

it^m^ pz^ic'd. mErj:mmmt, ij xmmmmo . io~o. 5 mm ^ t l i^.. 

/ ■ ^ - f"ti ^ , X ss 2 ,z i ifi ti: L A r ^ ' . ( -'^ . - : ' 
• < • ' -'v X ■ i L ; u r . -j?, ^1 ,t A o * * x jui ^ ^ ,m -r ^ - ^' - 

' X i£ ;S z tj j„ L . k ^t: g,. 2 2 O a ft: if 2 0 t jii i -r S ;^ X ti □ 7 ^ 8 ll ' -5 
» » as * I* 1 t a , fl] 1 8 ^ a f ?c 46 CD ^ ffl 1 1 file * ti T fc 0 , f ffH -iJ !c .-^ 

m7i< 8 :^mt c tic X ^ ii' xmm 2 fy^mti^^ ^ V 7 a x:^-^mt ^ r, .ii,^ 

a ft ffi 2 2 © fc: - ^ 2 1 C J: 5 M 15 W ^ § it 5 f; a6 X a i» 2 (- fc T , ^ , , v , . - 
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m m « 6 o T m m m^tp^nv a '^mi^ma. ?« a w r« a w t o r ^ 5 a . 

T H F CD if- a- 6 7 "C T T i, o ti? IC , X m □ 7 t t+ S -i^ f g T ^ 5 

* fil T- tt , 5 6 tc, X tti □ 7 O 5^1. fjj SB H 1 0 1 § * -r 5 Is l^r RS it B^M 0 2 pi T Jo 
?) „ ft , 10 3, 1 0 4 O 'J > ^7" ft H O V - gP § o C (D « W IS ih gP 1 02a 
. fil^tf, f-7P>. Xx>PX. 5 >y ^7ft i:{c j; «^-rn{f J; v>„ t /£ . 

■ft O M n M S }c j; 0 fit -t 5 c i: W S L vv. 

* % Bj^ n © a ft t i n a' . m « is ffi ic to x a. ^ ft gi5 c s » e w « t l t tS' x 
m a 7 ^ ff L X 7. mm 2 iHiz }s if ^ ^ mm L X L i V a o t . sp * i s j; t) 

;^iPLfctLTfe;9^Xtt>cofgilj±f/«5^^^;9-XitlP73fi«tc«fmLTLS5o 

iiww±a5ii. *^*^5fiw.^3b^:^?xice»f^i:t^RS±-r§/c46®gptf-eJ5^o f*e-DT 
5 c i: L 1.^0 t$tc. «tH1-;5i^x^JS3$A^s§iii:fts^ffi^c^a/J^^l:■r5 c t^^fft 

S /£ . iiu ,E IH ?L O li $ . m ,iH lEB 7L ^ ?£ O 5 ± T ?. c A'! <;? L < . 1 0 f;'m ± 

5 u i: J; 0 if? S L 1^0 

S /S . 5]- » ffl5 * Sfl -r 5 C t ic J; 0 . g }if3 Pel K t3 5 ffl tc W L T /; X il S§ ( !ft ^ X 

ma) ic *3 It 5 t i S ['/] « ^ f § c i: ft o 

g( * 1 or iJ IC 4o '.^ T . ^j- fli g|5 * f* 1 (i ft W 2 0 ic |g fe'e J n T 1/^ 5 o ^o- g|5 * 

f* 1 tis.it's z 0 t o^mmitm^ 2 4\cx o'€t>ti. c (om'T^tusm^ 2 3 1 ft ^ „ 

^ftia^ia2tc,T^-ro Mfta52 2tiM{l:S2 0i:iDl^#@ (i;-^) 2 1 tA^5,«sStSn 
^ - ft « (c ft S cfc 5 Ap «ft ^ ;5 t . IS § « 1 1/ ^ ?S ^ ^ » ^ f* tc ffl I. ^ ^ a 

fb W 2 0 i: L T . f?ij X S U S 3 1 6 L ft O X f- > X ^ ffl C fc s U 
^ fk ® 2 0 ^ r£ i: 5? fL X o S A^ + 5? ?A ^ n k ^ ms.m7S.tn 5f J; 
V -^j '^j ^ ± s r B 1 r J 0 , "ctUk (?5o (J 1 ( ( 111 r 0 rsfcia-icsi. ii-g 

3 / 4 Y >■ ^ . Li S S ['1 m m « t « ^ Hi iv ^ n «■ J: I ^ , 

^^fti" 2 0>DT(j1tfili^d:MOCVDttiitt£DgJtttC«fe. Sn?>A^ ^ffil-ettMftBZ OfC 

EI 3 fCg^^ J; d (C. mnm^n 6 tea. ^ n^n. U ^f- y ^ y 3 2 a , 3 2b. 32 
c, 3 2d*^-7X7n-3ybn-^30a, 30b, 30c, 30dS:t>'/^7l/73 1 
a, 3 1b, 3 1c, 3 1d^/rLTjg;^^nTl^§o 

trz. ^ n '-c n ^ ~ y St 3 2 a , 32b. 32c, 3 2 d t;: ^ u 7 x 4? > 

3 0 0 c c , S U smicm^'d I . 0 ~ 3 . 0 k g f c m 2 60 + + y 7 X ' m 7. ;j: ^ 
?gtt:a'XAr, He, N e ) ^ M K) tS o V -9' - 7 - -$< > P^ii ^ V 7 f! X IC ^ >) m E 

h u-y (STECK, y Jl^X^y-ummo . 2cc/min) STEjM^tl, C CXm 

xy a - n y h a - y x-mWiMic mm nrz^ ^ >) 7 xic -y X ^msf^^mm-s n 

5o IiiIB$K-7X7D-3yhD-7 (STECa. 7;l/X^-;l'atl2L/min-e"/g 
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mnmmii. m ffl t- s t h f ^ «d cd ?§ « t m ?s t- « i* s fc a h i* « © w « ^ m n » * 

}« « L T i) 46 . ^ £0 S S B L T t5 < i: T H F g CD S fl iC i o T W 1i # IS lg f* #f 
a] L < Jri f? ifi" L M if? -lA !: 4- L /i o T j1 « t S b SH C ti fc j; o T IB S O 

11 tt « 1 ^ '-t <r § c t tii ^ n 5 o J; o T sa w o Pi a ^ » w -r § i6 tc . fiX Hi ft » «i 

' '4 I d i', S to J; 0- fL ri;; rt «r T H F ^- €> o ^« t ?ft -rn ti" j: v^ i: # X. , ^ if 5 'I' > 
* ,>a it T 5 !)fe r'p . DU ^1- S 5c ftl 1 1 46 tIS m □ iJ J; D M ft S S £D K H i: b , 

ic Ail L fc rj- > ,5 ,1 tc T ?i -r t O T <B 7 
A ;b 7 3 1 b . 3 1c, 3 1 d ^ im ^; L . V "^f ~ f > ^ 3 2 h , 32c, 3 2 d rt Jc 4^ 

U r ^ X -S: fT ii L /c X 7 n - n > h n - ( S T E C » 7 ;!/ X ^ - ;l/ 10 

J^«0. 2cc/min) STEiMStX. uCTSfflft^WW^n. }g«gft^Mfl:gi<?3JS 

«tt^fL 6 icmm^n^o 

/cm' iXTi:t-SCi:A^»^L<, coi:tji3iBItgSii*?t:ia*5j;^ 1 2 o 0 c c 
/mi nT-fef), :^fXilgS20fflja?5itji{iS8S[ + m/ si:-fii-r5o 

^fb{So;<j-X)aiS2*ii*is + -^yT;«rxic « «• « i& ?L6 jb^e. ft m m t^mxt ^ t m ft 

?« « ^ ^ U 7 X « ii M J; <9 Hi ^ ti , IS ^ ft ^ la § c ^ « * ft i« 5* ^ 

■V U 7 X 1^ t ffl ?g ^ ^A ffi '/J- i!( -r 5 o Isi? ft i« m ^ ^tmX' 'jf m L Tz a- U 7 

X ( if. ft X ) ti H O 'slfk g|5 2 2 !C m ft ^ ti 55{ aj ? n 5 o X il Sg t iC ft #t ?L *^ 
^J^ fiic 1- 5 ft a * M ii ft -r S c ^ U 7 Sg i: ,5f! ft r*? ?« » A P i« ft (SOS) © if . r§ 20 

?« tt X tc -j I A> ti 5 o 9 0 a w ± T- n tf , is a X tc ira n § o it a o a • 

fia^ftgA'it*^ So ttfi^j^aA"! A^ i^^^tt. J; D iJft (c-rs C t (c J; o T. t§ 
{C /J^ S fc i6 . ,^ 8 4 a » ^ U 1/^ o 

-SitMtcSiJffll? n/c 3 ^tl^nOM ft«l&AP 2 9 ^/TLTISftfi^^ 

?L6A^e.:^'xaSS2lci^Ab, «ja^Mi:iS:o/-c*A'U7:^)'Xi:i:tlc^"XfflgS^^»lL 
fc . ^ ft 2 2 IC « ffi S n 5 o Ifc 95 8 t !/> T t , H ft i« tt M ft 2 2 B © « ic 

i o T *0 fa S n T H F O ?§ gi| O rlJg A^- fS jt ? n 5 /c i6 , ^ ft (S M \ □ 2 9 i:^ h m ft f« 

f& ?L 6 f T J ^ f ' ^ X I 2 « K Pnl ^ 7K ^ £0 ftS O <t iig fc i -3 T i1? t- ^0 

'^md 8 f' ^ ti { inr ^^')T X 4^ L rtl^ i-NttC 5t is L /; "? M m.'i .J: . t - ^ 2 l 30 

-3 L J t 3 k S iu M J n fL r ^ 0 Si" ^ Im xi * ic ft 'if i •? n \i o c v d 

^ r 1 i J- ;x r « ii I ij 'J t+ t) It r fi^E 4- f* u 2 5 A> ^, pj? ..d „ ^ ^ (cLd m ^ n /l ft 4- o3 

ri^ A j; o T ?M a tl f* i: iS: 0 , Ix JS S « A f o =3: , * M « > fig K t f-t x. M ft X 
©S{Sff^SO8¥1?T^tf5Ci:Cj:0l?ffflLfc. 

afbg§iC?$97j<^« 4 00 c c/m i n-egitL/Co 3 kg f/cm' £04^-vU7if 

X ^ 4 9 5 c c / m i n T' Ml L , S f£ g 4 4 ft ^ + ^ U 7 X T" + « fc b fc ft . ;I/ ^ 

1 0 '-"r t% x Pi i j 7 ic te 5 fi ft « 6 7 "C J; 0 fg o /i „ 

V / *>■ -'i- 2 I, 0 r . ^< .t; S 4 4 A^ 6 X /^ >y -jr 4 6 S 1? © K & 0= :^ X -y ^ 1 40 

'/ i ■', 1 1 ,' ^ 3 (1 0 r - 6 0 0 x',c ta» L tz 
^ --7 t y '/ , ± ij T t X - -j,] I r L , -=?• X 7 □ - n > F D - T if /i: o f/t * ;ff l 

Sr (DPMI Bi tC,H,) Ta (OCjH,) THF*^-tl^tlO. 

04cc/min, 0. 08cc/min, 0. 08cc/min, 0. 2cc/min 
O « « T «t L fc o 

2 0 'xt'ik^' ^ A 6 mm (D ;l f ^ m ^ X y ir 4 6 F*3 K £ j£ ± ftg . 'j 
3e » A^ - a -r S *^ H -5 A^ * M ft: „ ^ © IS ^ , * ffij C T , W * ti f; 5; u< .'^ 1: < 
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- mitmnamm'.i t < t)^f)^Th *j . h i 4 tc -r a m ^ is fc ^ # i o ^ ?> to :a: A^ 

'S to , ,g It ip H t a 5 > 'fi ^ S l ^ (i « ^ ^^ !FI i? ifl t L fc tf & , IS ,5i S ??$ 
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t O i: 4 , ^ W Si'S f* ^ c/D t i^J r§ (« cf3 T , l ~ 1 O O n m cd ^ t ^ © ft fi i; L T 
/ ft -r S »-] D- $. 0 . l.'.l {4 Hi ft « i: L T - 415 // ft f 5 a- -5 C i: a w L /c . M 

ft B? o u p-s ^ 0 {i A> ji, o |[ (0 Bf t ic ^fe L ^ -r t # ^ ?. n s A^ * « o 
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^ f b I ± r a Mt o JO » ^ > pu 3 M >A , J; 0 t A t < * i) J; 3 t in 1^ t: - 
3-r < ftr ±pf {3^ c [j: "JP A A $ < t T ^ ffl « « . M Si B 5: /h $ < 

( a «! f^j 2 ) 

Lxl ( * JL f*J M M 0 C V D ffl XI. fb <fe T t 

*f?llT-(i. teWK^SM 0 2 (C^USP/KiiSS 1 0 6 ^JBit L . $ /c. M §15 2 3 ® ^'1- 

il (C « a # ® 5 0 ^ ^ tt , li W W It g|5 1 0 2 ® a ^ ff o fc „ 
S ft: . « f L 1 0 1 © ta □ /i a fC < {£ ^1)1 1 0 7 ^ ^ It /£ o 

* V ^ T . 1^ m ^ n £ ^ tl i: S JCS if li tc » -:i t L fc fS S 'f' O 4 fig a II SS 
f ij 1 O if ^ cfc 0 M » S - SC m 5. n ft: o 

fl:tl©ft««ii5g»PlOif&(D|^]l/3{gT$o/Co 
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ga 6 tC -Jl SI f^tj 3 t fi^ S M 0 C V D ffl S( f 1 1^ * c 

* f?ij T- a . fe'i *t P:^ ± ,1[5 1 0 2 (C r - - 5 1 ^ ,iS tj- T 5 o 5 x - - 5 1 O fc i6 
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*fiJ{cfeV^Ttt, ^tiJ?nft:Sfi!c#Ii:SiSSIftlca^t1tl>tLftcSf53^ffcDa£fi8?*a*« 
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dispersion part, a gas inlet opening to introduce pressurized 
carrier gas into gas passage, a part to supply raw materials 
solution to carrier gas passing gas passage, a gas outlet to send 
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VAPORIZER AND VARIOUS DEVICES USING 
THE SAME AND AN ASSOCIATED 
VAPORIZING METHOD 

BACKGROUND OF THE INVENTION 
[0001] 1. Technical Field 

[0002] The present invention relates to a vaporizer and a 
vaporizing method, which is preferably used lor a deposition 
device such as a MOCVT), as well as a other various devices. 
[0003] 2. Background Art 

[0004] The development of DRAM causes a problem con- 
cerning memory capacitance depending on micro fabrication. 
Some measures for the problem about the memory capaci- 
tance is necessary because the degree of performance of the 
capacitance is required to be the same as the former genera- 
tion in view of potential software errors. As the measure for 
the above-described problem, a capacitor area has been 
increased as follows. A planar structure has been taken as the 
cell structure up to IM capacity. However, the three-dimen- 
sional structure, called a stack structure or a trench structure, 
has been taken as the cell structure for 4M or above. More- 
over, as a dielectric flhn, a film which laminates an oxidation 
film from the heat oxidation film of a Si substrate and a CVD 
nitride film (the laminated film is called an ON film in gen- 
eral) on poly Si is adopted. The fikn types utilizing the back 
side of a plate, a cubic type using the side in stack type, were 
taken in order to increase area to contribute to capacity 16M 
DRAM. 

[0005] However, deterioration of yield by an increase of 
process number by a complicated process and increase of 
difference in steps is brought into question by such a three- 
dimensional structure, and it is assumed that realization after 
the 256 M bit limit is difficult. Therefore, as one way to 
further increase a degree of integration without changing the 
structure of the present DR.'KM, a method to shift a dielectric 
for a capacitance to the one having a higher dielectric constant 
is devi.sed. Thus, at first, thin fikns of paraelectric oxides of 
single metals with liigh dielectric constant, such as Ta^O,, 
YjOj, and HIO,, attract attention. As for each ratio dielectric 
constant, Ta^O, is 28, Y2O3 is 1 6, HfO^ is around 24, and is 4 
to7timesofSi02. 

[0006] However, in an application after 256M DRAM, a 
three-dimensional capacitor structure is required. (Ba^Sri.J 
TiOj, Pb(Zr^Hi.^P3, (PbJLi.„)(Zr4Tii.4P3 are regarded as 
promising matenals which have the higher relative dielectric 
constant than the above-described oxides and can be expected 
to apply to the DRAM. 

[0007] Moreover, recently, a lavered structure of Bi group 
which has a very similar crystal structure to the one of a 
superconductive material greatlv attracts the attention 
hecduse it hd^ a high Jieieclrit ^nn^tdn'. l.„ ,1 ,elt pi'lan/j- 

iKnivolatile menior). (rciierally. ihe tlim him lomiation of 



rBi 1 



^ \\()( \ n 



i. hcniical \ apor Jepo->iUi >n 1 mcth )d the pravtical and prom- 
i.mg method [he raw masenal .)( the ferrc electric thin film 
includes, for instance, three kinds of orgam mietailic complex. 
Sr. 1 )FM BiiC • J L , ... and faiOC J 1 J,, melt respectively in 
1 HF ( letorahidoiBlran), hexane. and other solvents, and this 
combinaUon Is usedasa raw malenal solution. Sr( ra(()ht)g), 
and Bi{OtAm)3 can be melted in hexane and other solvents 
and used as a raw material solution. Note that DPM is an 
abbreviation of bis (diphenylptosphino) methane. 



[0008] Table 1 shows each material chaiacteristic. 



Sr(DPM)2 
TaCOCjH,)^ 



10009] A device to be used for the MOCVD method 
includes a reaction part in which the SrBijTaOg thin film 
material is deposited after a phase reaction and a surface 
reaction and further includes a supply part which supplies the 
SrBi2TaOy thin film material and an oxidizer to the reaction 
part. Moreover, the supply part is provided with a vaporizer 
for vaporizing the thin film material. 
[0010] Respective methods shown in FIG. 16areknown,so 
far, as a technology concerning the vaporizer. The one shown 
in FIG. 16(a) is called a metal filter type, and it is a method 
that introduces and vaporizes the raw material solution heated 
to a prescribed temperature into a metal filter used to increase 
the contact area between an atmospheric gas and the raw 
material solution of the SrBijTaOc, ferroelectric thin film. 
jOOll] However, in this technology, the metal filter can 
become clogged by the effect of several hours of vaporiza- 
tion. As such, there is a problem that it cannot bear the long- 
term use. The present inventor guessed that it is because the 
solution is heated and vaporized from a solution having a low 
vaporization temperature. 

[0012] FIG. 16(6) shows a technology that the raw material 
solution is discharged from a small hole of 1 0 p.m by applying 
the pressure of 30 kgf/cm^ to it and vaporized by the expan- 

[0013] However, the problem of clogging the small hole by 
the use for several hours, and not enduring a long-lemi use is 
also observed in this technology. 

[0014] Moreover, the problem that a steady raw material 
supply cannot be achieved to a reaction is created because the 
solvent with the highest vapor pressure (in the following case, 
THF) evaporates promptly and an organometallic complex 
deposits and adheres on the heating face, when the raw mate- 
rial solution is a mixture stilution of organometallic com- 
plexes, for instance, Sr(DPM)/rHF, Bi(C6H5)3/THF and 
Ta(OC2Hj),/THF, and this mixture solution is evaporated by 
heating. As for all these methods shown in FIG. 1 . the energy 
(e g.. the number of caSones 1 w hjch ci uld s apoi 



is ur t. 



a.ided 



[0015] In addition. ,nM( 
unitbrmitv, a \aponzation ^as m whith the laA Uia erial 
solution is dispersai uniformly is required to be obtained. 
However, in the prior art, such a requisite is not necessarily 
complied with. 

SIiMM.ARY OF THE INVHNTION 

[0016] The present inventor offers, separately, the next 
technolo^ so that the requisite may be complied with. 
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[0017] That is, as shown in FIG. 15, a vaporizer for 
MOCVT), comprises; 

[0018] ® a dispersion part including a gas passage formed 
internally, a gas inlet to introduce a pressurized carrier gas 
into the gas passage, a means to supply the raw material 
solution to the gas passage, a gas outlet to send the carrier gas 
including the raw material solution to the vaporization part, a 
means to cool the gas passage, and a radiant heat prevention 
jet part cooled so that thermal energy should not be applied to 
the raw material gas in the dispersion part by the radiant heat 
from the vaporization part; and 

[0019] (2) a vaporization part for heating Ihe carrier gas 
including tfie raw material solution and vaporizing the raw 
material solution, sent from the dispersion part, the vaporiza- 
tion part comprising a vaporization tube whose one end is 
connected to a reaction tube of the MOCVD device and 
whose other end is connected to said gas outlet, and a heating 
means to heat the vaporization tube. 
[0020] Fhcreby, the vaporiza- is composed in such a man- 
ner that thennal energy should not be applied to the raw 
material gas in the dispersion part by the radiant heat from the 
vaporization part. 

[0021] Since the vaporizer for MOCVD of this technology 
clogs a little, it enables a long term use and a stable supply of 
material to the reaction part, compared with the prior art. 
[0022] Moreover, as for this technology, an inlet of the 
preheated oxygen has been installed downstream of the 
vaporization part. 

[0023] However, even by using this technology, the depo- 
sition of the crystalline material might s-till be observed in the 



[0024] Moreover, a large amount of carbon (30 to 40 at %) 
is included in the formed film. It is necessary to anneal at the 
high temperature after film deposition (example: oxygen 
atmosphere of 800° C. for 60 minutes) in order to remove this 

[0025] In addition, when deposition is to be done, a large 
difference of composuion ratio can be caused. 
[0026] .Another object ot the present invention is to provide 
a vaponzer that can be used for a loiag term without clogging 
or the like and that can supply stably a raw matenal to a 
reaction part. 

[0027] Another object of the present mvention is to provide 
a vaponzer, a deposition device, other various devices, and a 

vaponzation method that can extremelv reduce the content of 

carbon in the film, even in the as-dcposited state, and accu- 
ratelv control the composition ratio ol the tilm. 
[0028] \m iheroh ect of the present invention is to provide 
a \ ip< rizer imi i \ ipi n/ ifu n method bv wliith <i vjponza- 



(00291 A vaponzer ol the present mvention comprises: 
[0030] 0 a dispersion part including: 

[0031] a gas passage formed mtemally, 

[0032] a gas mlet to mtroduce a earner gas into the gas 
passage. 

[OO^"?] a mtaiis u .upph a raw in Ut.r il i l U 
g.is p.isvige 

[0014] J gas ( ullet to send the (.aititi i is ii ^u.u,n_ 1 . 

10(^5] a means to cool Ihc .as passage and 
[OOlfi] 1 \ iptJt'/ lUi n part k r heating the carrier gas 

including me atomized taw mataial solution and for vapor- 



izing the atomized raw material solution, sent from the dis- 
persion part, the vaporization part comprising: 

[0037] a vaporization tube whose one end is connected to 
a reaction part of various units such as deposition unit, 
and whose other end is connected to said gas outlet, and 
[0038] a heating means to heat the vaporization tube; and 
[0039] a radiation prevention part having a small hole 
outside the gas outlet. 
[0040] A vaporizer of the present invention comprises: 
[0041] (T) a dispersion part including: 
[0042] a gas passage formed internally, 
[0043] a gas inlet to introduce a pressurized carrier gas 

[0044] a means to supply the raw material solution to the 

gas passage, and 
[0045] a gas outlet to send the earner gas including the 
raw material solution to the vaporization part, and 
[0046] (5) a vaporization part for heating the carrier gas 
including the raw material solution and vaporizing the raw 
material solution, sent from the dispersion part, the vaporiza- 
tion part comprising: 

[0047] a vaporization tube whose one end is connected to 
a reaction part of various units such as a deposition unit, 
and whose other end is connected to the gas outlet, and 
[0048] a heating means to heat the vaporization tube; 
wherein 

[0049] (D the dispersion part comprises 
[0050] a dispersion main body having a cylindrical or 

conical hollow part, and 
[OOSl] a rod having an outer diameter smaller than the 

iimer diameter of the cylindrical or conical hollow part, 

in which 

[0052] the rod has one or more spiral groove(s) on the 
vaporizer side of the outer periphery thereof, the rod being 
inserted in the hollow part, and 

[0053] (4) a radiation prevention part having a small hole 
on the gas outlet side and the iimer diameter expanding 
tow ards the vaponzer side and cooled, the radiation preven- 
tion pan being installed outside the gas outlet. 
|(I0541 \ vaponzer of the present invention comprises: 
|()055] \ Jj a dispersion part mcluding: 

1 0056 1 a gas passage formed mtemally, 

[0(157] a gas inlet to introduce a earner gas into the gas 



passage. 
[00581 a ! 

\(m9\ a I 



o supply I 



othe 



[0060] an.cinsk . . ii i ^ m . il iJ 
[0061] (Davapon/ilRnpirt -r I clmg the earner gas 
including the raw matenal solution and vapon/ing the raw 
matenal solution, sent torn the dispersion part, the vaponza- 
tion part mcludmg; 

[0062] a vaponzation tube whose one end is connected to 
a reaction pan of vanous units such as a deposition unit, 
and whose other end is connwted to the gas outlet, and 
(0(163) a lieatmg means to heat the vaporization tube, 

|()()641 a method which adds and introduces a Uttle bit of the 
I xuiaiui ig is jsdcarnergasto.Ar,N2,heliumorthe like from 
the ga^ mlci or which can introduce the oxidation gas or its gas 
nuxture from a supply part of the first oxygen in the vicinity 
of the jet part. 
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[0065] A vaporizer of the present invention comprises: 
[0066] (D a dispersion part including: 

[0067] a gas passage formed internally, 

[0068] a gas inlet to intrixiuce a carrier gas into the gas 

passage, 

[0069] a means to supply the raw material solution to the 

gas passage, 

[0070] a gas outlet to send the carrier gas including the 

raw material solution to the vaporization part, and 
[0071] a means to cool the gas passage, and 
[0072] (2) a vaporization part for heating the carrier gas 
including the raw material solution and vaporizing the raw 
material solution, sent from the dispersion part, the vaporiza- 
tion part including: 

[0073] a vaporization tube whose one end is connected to 
a reaction part of various units such as a deposition unit, 
and whose other end is connected to the gas outlet, and 
[0074] a heating means to heat the vaporization tube, 
wherein 

[0075] a radiation prevention part having a small hole is 
installed outside the gas outlet, and 
[0076] the carrier gas and an oxidizing gas can be intro- 
duced from the gas inlet. 

[0077] A vaporizing method of the present invention is 
characterized in that oxygen is contained in the carrier gas in 
the vaporizing method in which a raw material solution is 
introduced into a gas passage, next a raw material gas is 
obtained by shearing and atomi/iiig the raw inalerial solution 
alter jetting the high-speed carrier gas lo the introduced raw- 
material solution, and then, the nm material gas is supplied to 
a vaporizing part and vaporized. 

[0078] A vaporizer of the present invention comprises: 
[0079] a plurality of passages for supplying raw material 
solution, 

[0080] a mixture part for mixing a phirality of raw mate- 
rial solutions supplied from a plurality of solution pas- 
sages, 

[0081] a supply passage of which one end cotnmunicates 
with the mixture part and of which the other end is an 
outlet of the vaporization part side, 

[0082] a gas passage arranged to spray the carrier gas or 
the mixed gas of the carrier gas and oxygen to the mix- 
ture raw material solution carried from the mixture part 
in the supply passage, and 

[008.1] a cooling means to cool the supply passage. 
[0084] A disperser ofthe present invention comprises; 
[0085] a di.sperser unit, having: 

[0086] a plurality of solution passages for supplying raw 
material solution, 

[0087] a mixture part for mixing a pIuraKty of raw mate- 
rial solutions supplied from a plurality of solution pas- 



.sages, 




[0088] asuppK i 




with the mixti n. p i 


and iiic oilier end of which has an 


outlet of thc\ ipcn/ 




[0089] d ^js passage 


;u-rattged to spray a earner gas or a 




rier gas and oxygen to the mixture 


raw md'tenal si-hitio 


1 Irom the mixture part, m the sup- 


pKp.,s,,ge ma 




(009(1] d cDohng niej 


m to cool the supply passage; and 


[0091] i vapori/er lus 


ng: 


[0092] 1 1 1 iia loij p 


cvention part havmg a small hole 



outside the gas outlet; 



[0093] a vaporization part for heating the canier gas 
including the raw material solution and vaporizing the 
raw material solution, sent &om the disperser unit, 

[0094] a vaporization tube whose one end is connected to 
a reaction part of various units such as a deposition unit 
and whose other end is connected to the outlet of the 
disperser; and 
[0095] a heating means to heat the vaporization tube. 

BRIEF DESCRIPTION OF DRAWINGS 
[0096] The above-mentioned and other features and advan- 
tages of tliis invention, and the manner of attaining them, will 
become more apparent and the invention will be better under- 
stood by reference to the following description of an embodi- 
ment of the invention taken in conjimction with the accom- 
panying drawings, wherein: 

[0097] FIG. 1 is a cross-sectional view showing essential 
parts of a vaporizer for MOCVD according to an embodiment 

[0098] FIG. 2 is a global cross-sectional view of the vapor- 
izer for MOCVD according to the embodiment 1 ; 
[0099] FKt. 3 is a system chart of MOCVD; 
[0100] FIG. 4 is a front view ofa reserve tank; 
[0101] FIG. 5 is a cross-sectional view showing essential 
parts of a vaporizer for MOCVD according to an embodiment 
2; 

[0102] FIG. 6 is a cross-sectional view showing essential 
parts of a vaporizer for MOCVD according to an embodiment 

[0103] FIGS. 7 (a) and (b) are cross-sectional views show- 
ing a variant o f a gas passage of a vaporizer for MOCVD, both 

according to an embodiment 4; 

[0104] ITG. 8 is a cross-sectional view showing a vaporizer 
for MOCV D according to an embodiment 5: 
[0105] FIG. 9 shows a rod used for the vapori/er lor 
MOCVX) according to the embodiment 5. (a) being a side 
view thereof (b) an X-X cross-sectional view, and (c) a Y-Y 

[0106] FIG, 10 is a side view showing a variant of FIG. 
9{a); 

[01 07[ FIG. 1 1 is a graph where the experimental results for 
embodiment 6 are shown; 

[0108] FIG. 12 is a side cross-sectional view showmg an 
embodiment 8; 

[0109] FIG. 13 is a conceptual diagram to show a gas sup- 
ply system of the embodiment 8; 

[0110] FIG. 14 is a cross-sectional view showing an 
embodiment 9; 

[0111] FIG. 15 is a cross-sectional view showing the near- 
est prior art; 

[0112] FIGS. 16 (a) and (b) both are cross-sectional views 
showing the vaponzer for MOCVTJ of the pnor art; 
join] I K- 17 l^ 1 It 111, .] owMig i.rvstalli/ation charac- 

lenstics a .SB] ilun lilni: 

|0H4] H(r 18 IS 1 ^riph ,v ins, polan/ation character- 
ing. M ilh/cdSBI thmfiiin 
[0115] I Hr. 1 9 IS a vaponzer detajl view; 
|iill'i| > 21) is a general view of a vaporiZCT; 
1 II 1 1 -] . .( 2 1 IS .ui example of SBT thm film CVD unit 
using a vaponzer: 

[0118] I Kj. 22 IS a cross section showing a hhn-forming 
device; and 

[0119] FIG 23 IS an illustration showing constitution of the 
heat medium circulation that it is scattered in FIG. 22. 
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[0120] Corresponding reference characters indicate corre- 
sponding parts tluougliout the several views. The exemplifi- 
cation set out herein illustrates one preferred embodiment of 
the invention, in one form, and such raemplification is not to 
be construed as limiting the scope of the invention in any 



SYMBOLS 

[01211 1 Main body of a dispersion part, 

[01221 2 Gas passage, 

101231 3 Carrier gas, 

10124] 4 Gas inlet, 

10125) 5 Raw material solution, 

10126] 6 Raw material supply hole, 

10127] 7 Gas outlet, 

10128] 8 Dispersion part, 

[0129] 9a, 9b, 9c, 9d: Bis, 

[0130] 10: Rod, 

[0131] 18: Means to cool (cooling water), 

[0132] 20: Vaporizing tube, 

[0133] 21: Heating means (heater), 

(0134] 22: Vaporizing part, 

(01351 23: (onnectioii part, 

(01361 24: Coupling, 

[0 1 3 7 1 25 Oxygen i iilroduction means (first oxygen (oxi- 
dation gas) supply opening), 

[0138] 29 Raw material supply inlet, 

[0139] 30a, 306, 30c, 30d Mass flow controller, 

[0140] 31a, 31A, 31c, 31rf Valve, 

[0141] 32a, 32b, 32c, 32d Reservation tank, 

[0142] 33 Carrier gas bomb, 

[0143] 42 Exhaust port, 

[0144] 40 Valve, 

[01451 44 Reaction pipe, 

[0146] 46 Gas pack, 

[0147] 51 Taper, 

(01 48] 70 Groove, 

(0149] 101 Small hole, 

[0 ISO] 102 Radiation prevention portion, 

[0151] 200 Oxygen introduction means (second oxygen 
(oxidation gas)) 

[0152] carrier supply opening) 

[0153] 301 Upstream ring 

[0154] 302 Downstream ring 

[0155] 303a, 3036 Heat transmission passage 

[0156] 304 Heat conversion board 

[0157] 304a Gas vent gas iMZzle 

[0158] 306 Exhaust port 

[0159] 308 Orifice 

[11160] 312 Substrate heater 

(0161] 320 Heat medium inlet 

|(( 162 1 32 1 Heat medium outlet 

[0163] 390 Heat introduction medium 

[0164] 391 Heat outlet medium 

(01 65] 3100 Silicon substrate 

Dl 1 \'I I D DESCRIPTION OF ni! 'N\ ' N 
Embodiment 1 

[0166] I IG 1 shows d\jpon/er for MfX \ I) .LLurdii i to 
an embodiment 1 . 

[0167] This embixiiment mLliides a dispersion p.irt 8 
mcluding a gas pa^sjgc 2 li nii^d m the mlenor ot a disper- 
sion mam body 1 constituting the dispersion part, a gas inlet 



4 to introduce a pressurized carrier gas 3 into the gas passage 
2, a means (a taw material supply hole) 6 to supply a raw 
material solution 5 to the carrier gas 3 passing through the gas 
passage 2 and atomize the raw material solution 5, a gas outlet 
7 to send the carrier gas (raw material gas) including the 
atomized raw material solution 5 to a vaporization part 22, 
and a means (cooling water) 18 to cool lbs carrier gas flowing 
in the gas passage 2. The embodiment ftirther includes the 
vaporization part 22 for heating the carrier gas and the raw 
material solution to be dispersed and vaporizing the raw 
material solution, sent from the dispersion part 8, the vapor- 
ization part includii^ a vaporization tube 20 whose one end is 
connected to a reaction pipe of the MOCVD device and 
whose other end is coimected to the gas outlet 7 of the dis- 
persion part 8, and a heating means (heater) 21 to heat the 
vaporization lube 20, wherein a radiation prevention part 1 02 
having a small hole 101 is provided outside the gas outlet 7. 
[0168] The embodiment is explamed more in detail as fol- 

[0169] In the embodiments shown in figures, the inside of 
main body 1 of a dispersion part 8 is a hollow cylindrical part. 
A rod 10 is fit in the hollow part, and a gas passage 2 is defined 
byaninnerwallofthemainbody 1 and rod 10. In addition, the 
hollow part is not limited to a cylindrical shape, as other 
shapes may be applied. A conical shape, t or example, may be 
preferable. As an angle of a round nest of a hollow part in the 
conical shape, it is preferable to be 0 to 45 degrees, and more 
preferably, to be 8 to 20 degrees. It is similar in other embodi- 
ments. 

[0170] The cross sectional area of the gas passage is pref- 
erably &om 0.10 to 0.5 mm^. 

[0171] Theprocessing is difBcult if less tbanO. 10 mm^. The 
necessity for a laige quantity of flow in carrier gas of the high 
pressure turns up to becaused to speed up the carrier gas when 
exceedii^ 0.5 mm^. A large-scale vacuum pump of large 
capacity is needed to maintain a reaction chamber under 
decompression (example: 1 .0 Torr) w hen the carrier gas of a 
large quantity of flow is used. A proper quantity of flow, that 
is, the gas passage area olO. 10 lo 0.5 mnr, is preferable to 
achieve an industrial practical use because it is difficult to 
adopt a vacuum pump that exceeds 10,000 litcr/min (at 1.0 
Torr) in exhaust capacity. 

[0172] riie gas inlet 4 is installed in one end of the gas 
passage 2. A carrier gas (for instance. N,. .\r. and He) source 
(not shown) is connected to the gas inlet 4. 
10173] The raw material supply hole 6 is instiilleJ on the 
side approximately at the middle of the dispersion main body 
1 in communication with the gas passage 2. allowing to intro- 
duce the raw material solution 5 into the gas passage 2 and 
dispersing the raw material solution 5 to the carrier gas that 
passes through the gas passage 2 to make it the raw material 
gas. 

[0174] fhc gas outlet 7 that leads to the vaponzation tube 
20 ui the vapL ri/ation part 22 is installed in one end ol the gas 

passage 2. 

[0175] Vsp.n.c II to lloa the cooling water 18 IS formed m 

the dispersion main bodv 1. and the earner gas which flows m 
the gas passage 2 is cooled by flowmg the coolmg water 8 m 
this space. .Mtcmativelv. it may be cooW by setting up a 
Peltier element oi the like lot instance instead of this Npace 
Only the solvent \ ipoii/es <n lie gas passage 2 «i,hoil 
causing the vapon/dlion simultaneousK ol the soheni oi the 
raw material solution and an oigan(>n,i-l illic Lomnlex m 'he 
gas passage 2 that is subjected to the heat mlluence By the 
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heater 21 of the vaporization part 22. There, the solvent is 
prevented from being vaporized solely by cooling the carrier 
gas, in which the raw material solution is dispersed, flowing 
in the gas passage 2. Especially, cooling of the downstream 
side of the taw material supply hole 6 is important, and at least 
the downstream side of the raw material supply hole 6 is 
cooled. The cooling temperature is a temperature below the 
boiling point of the solvent. For instance, it is 67° C. or less for 
THF. Especially, the temperature in the gas outlet 7 is impor- 

[0176] In this embodiment, in addition, the radiation pre- 
vention part 102 that has a small hole 101 outside Ihe gas 
outlet 7 is installed. The numerals 103, 104 represent seal 
materials suchasanOring. Ms radiationprcvcntionpart 102 
may be composed, for instance, of teflon, stainless steel, 
ceramic, etc, hi addition, it is preferable to make of use a 
material excellent in heat conduction. According to the find- 
ing of the present inventor, the gas in gas passage 2 is over- 
heated, in the prior art, by the heat in the vaporization part, 
such as the radiant heat through the gas outlet 7. Therefore, 
the low melting point elements in the gas tend to deposit in the 
vicinity of the gas outlet 7, even if it is cooled with cooling 
water 18. 

[0177] The radiation prevention part 102 is a member to 
prevent this radiant heat from spreading to the gas. Therefore, 
it is preferable to reduce the cross sectional area of the small 
hole 101 to less than that of gas passage 2. A reduction of Yi 
or less is preferable and VS or less is more preferable. In 
addition, it is preferable to miniaturize the small hole 101 . In 
particular it is preferable to miniaturize it to a dimension 
where gas jets out at a subsonic velocity. Moreover, it is 
preferable that the length of the small hole 101 is 5 times or 
more than the dimension of the small hole 101, and more 
preferably, the length is 10 times or more than the small hole's 
dimension. 

[0178] Moreover, blockage in the gas passage 2 ( especially, 
gas outlet) with a carbide is never caused even for the long 
term use, by cooling the dispersion part 8, 
[0179] The dispersion main body 1 is connected to the 
vaporization tube 20 on the downstream side of the dispersion 
main body 1. The connection between the dispersion main 
body 1 and the vaporization tube 20 is done with a joint 24, 
and this part is a connection part 23. 
[0180] FIG. 2 shows the general view. The vaporization 
part 22 is composed of the vaporization tube 20 and the 
heating means 21 (i.e., a heater). The heater 21 is a heater to 
heat the carrier gas in which the raw material solution is 
dispersed that flows in the vaporization tube 20 and to thereby 
\jpon/e the r.m n.dteridl si iuti' .n In the priur art 'he i.ejtor 

hqiiid or gas w I'h .i large thermal capacity as the heat medium 
la- il e i: . ^--i i. \^eiie'.t I'or heating in a manner so as to 
obtain an unitdrmter.iperature in the longitudinal direction of 

[0181] It IS prelerable to iibc ^.tamlcss steels such as 
SUS31'.! , lor insUnee, as the matenal lor the vapon/ation 
tube 20, Ilie si/e ol the vapoii/alien tube 20 mj> be decided 
conveniently so to extend only to such a length that the tem- 
peratua- of the vapon/alum gas is heated sulliciently. For 
instance, when SrBi, Ta^Oc, raw material solution 0.04 ccm is 
vaporized, the chosen tube 20 may be Vi inches in outer 
diameter and several hundred nun in length. 



I0182J Though the downstream side edge of the vaporiza- 
tion tube 20 is connected to a reaction tube of the MOCVD 
device, in this embodiment an oxygen supply port 25 is 
mstalled in the vaporization tube 20 as an oxygen supply 
means, allowing to mix the oxygen heated to a prescribed 
temperature into the carrier gas, 

[0183] Supplying the raw material solution to the vaporizer 
shall now be described. Resen,'e tanks 32a, 32fe, 32c, and 32d 
are connected to the raw material supply port 6, respectively, 
through mass flow controllers 30a, 306, 30c. and Md, and 
valves 31a, 316, 31c. and 31t/as shown in FIG. 3. Moreover, 
each of reserve tanks 32<j. 326. 32c, and 32J is connected to 
a carrier gas canister 33. 

[0184] FIG. 4 shows the details of the reserve tank. The 
reserve tank is filled with the raw material solution 5 and, for 
instance, 1 .0 to 3.0 kgf/cm" of the carrier gas 3 (for instance, 
inert gas Ai, He, Ne) is sent to the respective reservoir tank 
32a-32d (an iimer capacity 300 cc, made by SUS). The raw 
material solution is pushed up in the lube on the side contact- 
ing with the solution, because the interior of the reservoir tank 
is pressurized by the carrier gas, and transferred under pres- 
sure to a mass flow controller (made by STEC, lull-scale flow 
0.2 cc/min). A flowing quantity is controlled here, and it is 
transported from a raw material supply port 29 of the vapor- 
izer to the raw material s-upply hole 6. 
[0185] The following quantity of combined carria: gas and 
raw mat^'ial solution is transported to a reaction part by 
carrier gas and controlled to a constant flowing quantity in the 
appropriate mass flow controller. At the same time, oxygoi 
(oxidant) which is controlled to a fixed flowing quantity in a 
mass flow controller (made by STEC, full-scale flow 2 L/min) 
is also transported to the reaction part. 
[0186] Tlie raw material solution 5 deposits an organome- 
tallic complex by the vaporization of THF solvent and 
becomes finally solid when left as it is. because a liquid or a 
solid organometallic complex has been dissolvcxl in solvent 
such as THE at the normal temperature. Tlierefore. it is 
assumed, as a result, that the interior of a piping or other 
piping portions that comes in eontacl with such a stock solu- 
tion can become blocked by these deposits. Tlierefore. it is 
thought that the interior of the piping and the interior of the 
vaporizer need only be washed with THF or other solvents 
after the deposition work has ended to control the blockage of 
the piping, thus necessitating the installation of a washing line 
to facilitate such washing. Washing is exerted over a part from 
the container outlet side to the vaporizer, including the raw 
material container exchange work, and flushes the part which 
suits each work with the solvent. 

[0187] Valves 316. 31c. and 31J were opened, and the 
carrier gas was fed forcefully into the reserve tanks 326. 32c, 
and 32d. As for the raw material solution, it is fed forcefully 

to the mass flow controller fmade by STtC flill-scale flowing 
quantity 0 2 cc mini, a flow.ng quantit) is controlled here, 
and iLe Mill, ,11 ,1 ra.\ matenal is Iraiispt rted Is the raw mate- 
rial supply hole 6 ol the vaponzer 

[0188] ( )n the olLci hai.J. the (.arnei gas was mtioduced 
lr> ni the yj. iiilet ol the \ jpenzer It is preferable K. set the 
nia\unui-i pressure on the suppK po't snle to 3 kgl cm" or 
less, and the maximum l!(>w ing qu.intit\ v, hieh can be passed 
at this time is about 1 200 cc'iiun, and the passage flow veloc- 
ity of the gas passage 2 reaches 1 10 nv sec. 
[0189) When the raw material solutions is introduced from 
the raw material supply hole 6 into the carrier gas 3 flowmg in 
the gas passage 2 of the vaporizer, the raw material solution is 
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shorn by a high speed flow of the carrier gas and is atomized 
into ultrafine particles. As a result, the raw material solution is 
dispersed in the carrier gas in the state of ultrafine particles. 
The carrier gas (raw material gas) in which the raw material 
solution is dispersed in the state of ultrafine particle is atom- 
ized, keeping the high-speed, into the vaporization part 22 
and discharged. An angle which the gas passage and the raw- 
material supply hole form is optimized. When a carrier pas- 
sage and a raw material solution inlet form an acute angle (.30 
degrees), the solution is attracted by the gas. If it is 90 degrees 
or more, the solution is pushed by the gas. The best angle is 
decided, from the viscosity and the flowing quantity of the 
solution. The solution flows smoothly by making it more 
acute when the viscosity and the flowing quantity are large. 
When the SBT film is formed by using hexane for the solvent, 
an angle of about 84 degrees is preferable because both the 
viscosity and tlie flowing quantity are small. 
(0190] ITiree kinds of raw material solutions 5 controlled to 
a constant flowing quantity flow into the gas passage 2 from 
the raw material supply hole 6 through each raw material 
supply port 29, move in the gas passage with the carrier gas 3 
which has become a high-speed current of air, before being 
discharged into the vaporization part 22. For the dispersion 
part 8 also, as the raw material solution is heated by heat from 
the vaptirization part 22 and the vaporization of the solvent 
such as THF is promoted, the part from the raw material 
supply port 29 to the raw material supply hole 6 and the part 
of gas passage 2 are cooled with a cooling medium such as 

[0191] The raw material solution 5 dispersed in a fine par- 
ticle state m the carrier gas discharged from dispersion part 8 
becomes a mixture gas by mixing the oxygen heated at a 
prescribed temperature from the oxygen supply port 25 
installed immediately before reaching a reaction tube of 
MOCVD, tlie vaporization being promoted while the raw 
material solution being transporting inside the vaporization 
tube 20 is heated by a heater 2 1 to a prescribed temperamre 
and flows in a reaction tube 44. In this embodiment, it is 
evaluated by analyzing the reactive mode of the vaporization 
gas in place of deposition. 

[0192] .A. vacuum pump (not shown) was connected from 
an exhaust port 42, impurities such as moisture in a reaction 
mbe 44 were removed by the decompression operation for 
about 20 minutes, and a valve 40 downstream of the exhaust 
port 42 was shut. ITie cooling water was flowed into the 
vaporizer at about 400 cc/min. On the other hand, the carrier 
gas of 3 kgiycm^ was flowed at 495 cc/min, the interior of the 
reaction tube 44 was filled enough with the carrier gas, and 
thereafter, the valve 40 was opened. Fhe temperature at the 
gas outlet 7 was lower than 67 ' C. 

[0193] ITie mside ol the vaponzation tube 20 was heated to 
200" C. the part from the reaction tube 44 to a gas pack 46 and 
the gas pack to 1 (X)" ( .. and the mside oi the reaction tube 44 
heated in the range of from 300 to 600" C. 1 he reserve tank 
was prcssiinzed with the earner gas therein, and a prescribed 
•iq ,id ^^d■. fl.Aved bv the mass flow LOi.troilcr SrtI)PM)2 
,lii( tl , ld((X and lUr «ere Ikwed respeclncl\ 

'n ihe tkwing q iautit\ at 0 04 tc aim 0 OS mm 0 OS 
LI. mm jnd0 2cc n m 

[0194] 1 wenty minutes later, the valve just before the gas 
pack 46 was opened, the reaction product was collected in die 
gas pack 46, and it was examined whether the detected prod- 
uct and the product in the reaction formula that had been 
examined based on the reaction theory agreed, through analy- 



sis by a gas chromatograph. The detected product and the 
product in the reaction expression that had been examined 
based on the reaction theory were foimd to agree well in this 
example. Moreover, the amount of adhesion of the carbide on 
the outer surface of the gas outlet 7 side was measured. The 
amoimt of adhesion of the carbide was determined to be very 
low and was still less than the case with a device shown in 
FIG. 14. 

[0195] It is generally accepted that the raw material solu- 
tion 5 becomes a liquid/liquid state (complete solvent liquid) 
with metals becoming complex, in the case of a mixture or 
dissolution of metals into the solvent to obtain a raw material 
solution. However, the present inventor elaborately examined 
the raw material solution and found that the metal complex 
docs not necessarily come to a separate molecular state but, in 
some cases, the metal complex might exist in the solvent as 
particle of the size of 1 to 1 00 nm, and in some cases, the metal 
complex might exist partially as a solid/liquid state. It is 
thought that clogging during vaporization is especially easily 
caused when the raw material solution is in such a state. 
However, the clogging is not caused even for a raw material 
solution in such a state, in the case of using a vaporizer of the 
present invention. 

[0196] Moreover, Ihe fine particle material subsides easily 
by gravity to the bottom in a solution where the raw material 
solution subsists. Then, it is desirable to cause convection and 
uniform dispersion of fine particle in the preservation solution 
by heating the bottom (below the vaporization point of the 
solvent to the last) in respect of clogging prevention. More- 
over, it is more preferable to heat the bottom and to cool the 
stdeonthecontainertop. Of course, they shall be heated at the 
temperature below the vaporization temperature of the sol- 

(0197) Further, it is preferable that the heater 21 sets or 
controls the amount of the heat so that the heat amount of the 
upper part of the vaporizing tube 20 becomes more than the 
one of the down stream part. In other words, since the gas 
cooled by water is jetted out from the dispersion part 8, it is 
preferable to provide a heater which sets or controls the 
quantity of heat to be more in the upper part of the vaporizii^ 
mbe and less in the lower part of it. 

Embodimait 2 

[0198] FIG. 5 shows the vaporizer for MOCVD according 

to the embodiment 2. 

(0199[ In this ombddinient, a cooling water passage 106 
was tonned around the outer penphery of the radiation pre- 
vention part 102, and coolmg means 50 was installed around 
the outer penphery of a connection part 23, and radiation 
prevention part 102 was cooled. Moreover, a hollow 107 was 
mstalled around the ouflet of the small hole 101. 
(0200] fMheri-pettsweren i ie similar to the embodiment 

|(I201] n r s tp b ^ in . it Ik ctetteJ product agrees 
better with tlic pti duct ,n t le rcjLtii n k imnla that had been 
examined based on the reatnen thuorv luin that of the 
embodunent 1 Moreover, the amount ot adhesion of the 
carbide was about Vi times of the case of the embodiment 1 , 
as determined fi-om the measurement of the amoimt of adhe- 
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sion of the carbide of on the outer surface on the gas outlet 7 
side of the dispersion main body 1. 

Embodiment 3 

[0202] FIG. 6 shows the vatwrizer for MOCVD according 

to the embodiment 3. 

[0203] In tills embodiment, taper 51 is installed in radiation 
prevention part 102. The dead zone in the concerned part 
disappears because of this taper 51, and the stagnation of taw 
material can be prevented. 

{0204] Other aspects were made similar to the embodiment 
2. 

[0205] In this embodiment, the detected product agrees 
better with the product in the reaction formula that had been 
examined based on the reaction theory than that of the 
embodiment 2. Moreover, the amoimt of adhesion of the 
carbide was ahnost null, as determined from the measvirement 
of the amoimt of adhesion of the carbide of on the outer 
surface on the gas outlet 7 side of the dispersion main body 1 . 

Embodiment 4 

[0206] FIG. 7 shows the modification embodiment refer- 
ring to the gas passage. 

[0207] The groove 70 is formed on the sur^e of a rod 10, 
and the outer diameter of rod 10 is made substantially the 
same as the iimer diameter of the hole perforated in the inside 
of the dispersion main body 1 in FIG. 7(a). Therefore, the rod 
10 can be disposed in the hole without deviation by only 
setting the rod 10 in the hole. Moreover, a screw etc. need not 
be used. This groove 70 becomes the gas passage, 
[0208] Note that a plurality of grooves 70 may be formed in 
parallel to the longitudinal central axis of the rod 10 or spi- 
rally on the surface of the rod 10. Spiral grooves can make a 
raw material gas more uniform. 

[ 02 09] FIG . 7(6) is an example of installing the mixture part 
in the tip part of the rod 10. The largest diameterof the tip part 
is made almost the same as the diameter of the hole perforated 
in the interior of ihe dispersion main body 1. The space 
formed by the tip part of the rod and the iimer fece of the hole 
becomes a gas passage, 

[0210] Obviously, the gas passage may be formed by using 
the rod of a circular cross section as a rod and installing a 
concave portion in tlie hole, though the example shown in 
Figs, (a) and (b) is an example ofexecuting the processing to 
the surface of the rod 10. It is preferable to set up the rod with 
about H7xh6 to JS7 provided by JIS for instance. 

Embodiment 5 

[021 1] The embodiment 5 shall be described based on FIG. 
8. 

[02 1 2] The vaporizer for MOCVD of this embodiment has 
a dispersion part 8 including a gas passage 2 formed inter- 
nally, a gas inlet 4 to introduce a pressurized carrier gas 3 iiito 
the gas passage, a means to supply the raw material solution 
Sa, 5h to the gas passage, and a gas outlet 7 to send the carrier 
gas including the raw material solution 5a, 5b to the vapor- 
ization part 22; and a vaporization part 22 for heating the 
carrier gas including tte raw material solution and vaporizmg 
the raw material solution, sent from the dispersion part 8. The 
vaporization part 22 includes a vaporization tube 20 whose 
one end is coimected to a reaction pan of the MOCVT) unit 
and whose other end is connected to die gas outlet 7; and a 
heating means 21 to heat the raporization tube 20. The dis- 



persion part 8 comprises a dispersion main body 1 having a 
cyhndrical hollow part and a rod 10 having an outer diameter 
smaller than the inner diameter of the cylindrical hollow part. 
The rod 10 has one or more spiral groove(s) 60 on the vapor- 
izer 22 side of the outer peripher>' of the rod, and the rod 10 is 
inserted in the cylmdrical hollow part. Further, a radiation 
prevention part 101 having a small hole 101 and an inner 
diameter expanding in taper towards the vaporizer 22 side is 
installed outside the gas outlet 7. 

[0213] When the raw material solution 5 is supplied to the 
gas passage where high-speed carrier gas 3 flows, the raw 
material solution is shorn and atomized. That is, the raw 
material solution that is liquid is shorn by the liigh speed flow 
of the carrier gas and is made into particles. The raw material 
solution made into particles is dispersed in the carrier gas in 
the particle state. This aspect is similar to the embodiment 1. 
[0214] The following conditions are preferable to execute 
shearing and atomization optimally. It is preferable to supply 
taw material solution 5 by 0,005 to 2 cc/mm, ptefetably by 
0,005 to 0,02 c/min, and more preferably by 0, 1 to 0.3 cc/min. 
When two or more raw material solutions (containing sol- 
vent) are supplied at die same time, it concerns their total 
amount. Moreover, it is preferable to supply the carrier gas at 
the speed of 10 to 200 m/sec, and 100 to 200 m/sec is more 
preferable. 

[0215] Obviously, the flowing quantity of the raw material 
solution and the flowing quantity of the carrier gas are corre- 
lated, and the passage sectional area and shape shall be 
selected forthebest achievement of shearing and atomization 
so that an uln-afine particle mist may bo obtained. 
[0216] In this embodiment, spiral grooves 60 are formed 
around Ihe outer periphery of the rod 10, and a gap space 
exists between the dispersion main body 1 and the rod 10, 
Consequently, the carrier gas, including the raw material 
solution that became the atomized state, goes straight in this 
gap space as a straightly advancing flow, and at the same time, 
forms a rotating flow along the spiral groove 60, 
[0217] Thus, the present mventor found that the taw mate- 
rial solution atomized in a state where the straightly advanc- 
ing flow and the rotating flow are concomitant is uniformly 
dispersed in the carrier gas. The reason why a uniform dis- 
persion can be r«ilized when the straightly advancing flow 
and the notating flow are concomitant is not necessarily clear. 
However, it can be supposed as follows. By the existence of 
the rotating flow, the centrifiigal force works on the flow, and 
secondan,' flows are caused. Tlie mixture of the raw material 
and the carrier gas is promoted by these secondary flows. That 
is, a .secondar)' derivation flow is caused by the centrifugal 
effect of the rotating flow in a perpendicular direction to the 
flow, and, as a rcsuh, it seems that the atomized raw material 
solution is dispersed more uniformly in the carrier gas. 
[02181 Now. this ■.•mbodunent shall be described more in 
detail as follows. In tliis embodiment, it is composed to sup- 
ply four kinds of raw material solutions 5a, 5b, Sc,aM5d(5a, 
5b, and 5c axe organometallic raw materials and Sd is a 
solvent raw material such as THF) to the gas passage as one 
example. 

[0219] In order to mix the carrier gas (called, "raw material 
gas") incliKling the raw material solution that b«;ame respec- 
tively mist and ultrafine particles, a part without a spiral 
groove is installed in the downstrram of the pt)rtion corre- 
sponding to the raw material supply hole 6 of the rod 1 0. in 
this embodiment. This portion becomes a prc-mixing part 65. 
In the pre-mixing part 65, the raw material gases of three 
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kinds of organic metals are mixed to some degree, and, in 
addition, becomes a complete mixture raw material gas in an 
area of a helical structure in the downstream thereof As for 
the len^ of this mixii^ part 65, 5 to 20 mm is preferable, and 
8 to 1 5 mm is more preferable to obtain a uniform mixture raw 
material gas. Outside this range, a mixture raw material gas in 
which only one kind of the three organometallic raw material 
gasses is denser than two other organometallic raw material 
gasses might be sent to the vaporization piirl 22. 
[0220] In this embodiment, a parallel part 67 and a taper 
part 58 are installed at an edge 66 on the upstream side of the 
rod 10. llie cylinder hollow part of the dispersion mahi body 

I is provided with a parallel part having the same inner 
diameter as the outer diameter of the parallel part 67 of the rod 
1 0, and a taper part that is the same taper as the taper o f the rod 
10 corresponding to the parallel part 67 and the taper part 58. 
Therefore, if the rod 10 is inserted from the top left side on the 
drawing, the rod 10 is maintained in the hollow part of the 
dispersion main body 1. 

[0221] Different from the embodiment 1, even if a carrier 
gas of a higher pressure than 3 kgf/cm^ is used, the rod 10 can 
be prevented from being moved, because the taper is provided 
to hold the rod 10, in this embodiment. That is, if the mam- 
tenance technology shown in FIG. 8 is adopted, the carrier gas 
can be flowed at a pressure of 3 kg/cm^ or higher. As a result, 
it becomes possible to reduce the sectional area of the gas 
passage and to supply a higher speed carrier gas with a small 
amount of gas. That is, the supply of a high-speed carrier gas 
at 50 to 3(X) mm/sec becomes possible, too. If this mainte- 
nance technology is adopted, it is similar also for the afore- 
mentioned other embodiments. 

[0222| I he grooves 67a, 67fe, 67c, and 61 J are formed as a 
passage for the carrier gas, in a portion corresponding to the 
raw matenal supply hole 6 of the rod 10. as shown m FIG. 
9(h). 0.005 to 0. 1 mm is preferable as the depth of each groove 
67a. 67h. 67c smd 67. Molding ol the groove becomes difli- 
cultifless than 0.005 ram. Moreover. 0.01 to 0.05 mm is more 
prelerablc. I ho clogging or other is not generated by making 

II withm ihis range. Moreover, it is easy to obtain a high-speed 
flow. Ihc composition shownin FIG. 1 for the embodiment 1 
and other compositions may be adopted lor the maintenance 
of the rod 10 and the tormation ot the gas passage. Ihe 
mmiber of spiral groove 60 may be single as shown in FUj. 
9(a) but It may also be two or more as shown in FIG. 10. 
Morecwer, they may be crossed when two or more spiral 
grooves are formed. The raw material gas dispersed more 
uniformly is obtained when they are crossed. However, a 
cross sectional area of each groove is set to allow the gas flow 
velocity to be 10 m/sec or more. Fhe size and shape ot the 
spiral groove are not (.special') liii itcJ iiuit k m/c i id^hape 
shown m 1 IG 9(< ) are raised a. one i nple 

[0221] li. this cmb xiime it tlit ^a-, p ls^ ijc k ^ ( led .j. ith 

((1224] Mtraner iii expaiisH i p.irt 69 is uidcpcndentK 
iistaLal in this le . 1 'he entrmte ol .lopcrsion part 22 in 
I lis tn.bt dmii-nt . i i a 1( luiHidinal radiation prcncntion pan 
102 IS arranged m this expaasion f irt \ mall hole 101 is 
1( roicd on the gas malet 7 side ol ihc radiation prevention 
p ir» md its imitfi diameter spreads out m the taper-shape 
toward the vaporizer side. Ihis expansion part 69 is also a 
portion to prevent the stay of the raw material gas descnbed 
lor the embodiment 3. Of course, the expansion part 69 need 
not be independently installed, and an integrated composition 
as shown in FIG. 6 may also be adopted. 



[0225] An angle of from 5 to 1 0 degrees is preferable as the 
expansion angle 6 for the expansion part 69. The raw material 
gas can be supplied to the dispersion part without destro3dng 
the rotatmg flow when 9 is in this range. Moreover, when 6 is 
within this range, the fluid drag by the expansion is mini- 
mized, the existence of a dead zone is minimized, and the 
existence of a vortex by the existence of the dead zone can be 
mmimized. Note that the angle of from 6 to 7 degrees is more 
preferable as 6. The range of preferable 6 is similar also in the 
embodiment shown in FIG. 6. 

Embodiment 6 

|0226] The raw material solution and the carrier gas were 
supplied under the following conditions, using the device 
shown in FIG. 8, and the uniformity in the raw material gas 
was examined. 

|0227] Amount of mtroduced raw material solution: 



Sr{DPM)2 0.04cc/iiim 

Bi(C«H5)3 0.08 cc/min 

TaCOCjHj), 0.08 cc/min 

THF 0.2 cc/min 



Carrier gas: Nitrogen gas 

[0228] 10-350 m/s 
10229] The device shown in FIG. 8 was used as the vapor- 
ization device. 1 lowever, the rod 1 0 where a spiral groove was 
not formed as shown in FIG. 9, was used as the rod. The raw 
material solution is supplied from the raw material supply 
hole 6, while the carrier gas is changed in speed variously. The 
groove 67a was supplied with Sr(DPM) 2, groove 67* with 
Bi(C6Hj)3, groove 67c with Ta(C)C2H5)5 and groove 67rf with 
solvent such as THF, respectively, from the raw material 
supply hole. Heating in the vaporization part was not 
executed, the raw material gas was collected at the gas outlet 
7, and the particle diameter of the raw material solution was 
measured in the collected raw material gas 
[02.10] Hie results .irc shown in FIG 11 as relative values 
(the case with a device accordmg to an example of the prior art 
shown in FIG. 12(<j) is set to be 1). The dispersion particle 
diameter becomes smaller by setting the flow velocity to 50 
iiL'sec or more as understood Irom FIG. 11. and the dispersion 
particle diameter becomes still smaller by setting the flow 
velocity to 100 m sec or more. However, the dispersion par- 
ticle diameter is saturated even if set to 200 m/sec or more. 
ITiereiore, 100 to 200 m/sec is a more preferable range. 

Embodiment 7 

[021 1 1 In this emb< dinient a rod 10 where a spiral groove 

had been lormed was used as a rod. 
[0232] Other aspecN were the same as the embodunent 6. 
[0233] fhe density ot the raw matenal solution that had 
been supplied to the grmn e w as high in the groove extension 
part, m the embodiment 6 I liat is respectiv eh the density of 
one raw matenal solution was higher than others in each 
extension part of the groove through which it came. The 
density of Sr(I)PM)2 was higher than thai ol the others in the 
extension part of the groove 67a, BtiC^H^), m the extension 
part of the groove 676, and TaCOC^Hj), in the extension part 
of the groove 67c. However, in this embodiment, each orga- 
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nometallic raw material of the mixture raw material gas that 
had been obtained on the edge of a spiral groove was uniform 



[0234] FIG. 12 and FIG. 13 show the embodiment 8. 
[0235] Oxygen had been introduced only downstream of 
the vaporization part 22 as shown in FIG. 2 in the prior art. .As 
described in the discussion of the prior art, a large amount of 
carbon is contained in the film fonned by the prior art. More- 
over, there was a dilTerence between the composition alloca- 
tion in the raw material and the composition allocation in the 
deposited fihn. Thiit is, when tlic raw material was adjusted to 
the composition ratio of the stoichiometric mixture ratio, 
vaporized, and deposited, the actually deposited film nimed 
out a composition film that deviated from the stoichiometric 
mixture ratio. Especially, a phenomenon that bismuth is 
hardly included (about 0. 1 at %) was observed. 
[0236] The present inventor found the cause thereof relates 
to the position where oxygen was introduced. That is, it has 
been understood that, if oxygen is introduced from the gas 
inlet 4, a secondary oxygen supply port 200 nearest the jet 
port, and the oxygen inlet 25 (first oxygen supply port) with 
the carrier gas as shown in FIG. 20, the difference of compo- 
sition ratio between the composition in the fonned film and 
the composition in the raw material solution can be extremely 
minimized. The carrier gas and oxygen may be mixed before- 
hand, and their mixed gas may be introduced from the gas 
mlet4. 

Embodiment 9 

[0237] The SBT film was formed by a vaporizer shown in 
FIGS. 19 and 20, and a CVD device shown in FIG. 21, and 
then the polarization characteristic and others were evaluated. 
More concretely, the vaporizer condition and the reaction 
chamber condition were controlled as follows, and the SBT 
ihm lilm was fonned on a substrate that applied platmum 200 
nm on an oxidized silicon substrate body. 
[0238] Concrete Conditions: 

llexaethoxy strontium tantalum Sr[Ta(OC2H5)g]2 O.I mole 

solution (Solvent; Hexime i 0.02 mFnun 

Ton t dm%loxidt bi muth Bi(0 t f Hn), 0 2 mole solution 

(Solvent: llexane) 0.02 niLmin 

1-irst earner .Ar^ 200 sccni (introduced into the gas inlet 41 
I irst c irncr O 10 scui (mtioduccd mto the ^ is nitt 4) 
Second tamer \r 20 sctm / mtn ductd into the g is inltt 200) 
Second earner O,- 1 0 seem (introduced mto the gas inlet 200) 
Reactdnt oxygen Oj 200 seem ( iiitn ductd uilu low tr part 25 
of the dispersion jet part) 

Reactant oxygen temperature 216° C. (control the tempera- 
ture by a separately installed hMter before introducing from 
the lower part of the dispersion jet part) 
Wafer temperature 475° C. 
Space temperature 299° C. 
Space distance 30 mm 
Temperature of shower head 201° C. 
Reaction pressure 1 Torr 
13eposition time 20 minutes 
As a result, 

SBT fihn thickness about 300 nm (depositing speed about 
150nm/min) 



[0239] The difl'erence of the composition ratio between the 
composition in the formed film and the composition in the 
raw material solution was small, and the depositing speed 
became about five times as fast as that of the prior art. It can 
be said that it is extremely effective to introduce a small 
amount of oxygen from the gas inlet 4 with the carrier gas. 
The content of ttie carbon is as low as 3.5 at %. 
[0240] A large effect of controlling re-condensation/subli- 
mation (solidification) of the vaporized organometallic com- 
pound was confirmed by the fact that the dirt disappeared 
from lower part of the vapori2ation tube, because tlw tem- 
perature of the reactant oxygen 200 cc/min was accinately 
controlled (at 2 1 6° C.) by a separately installed heater before 
the reactant oxygen was introduced from the lower part of the 
dispersion jet part. 

[0241] After the SBT thin fikn had been formed, it was put 
under the crystallization process at 750° C. for 30 minutes 
under the oxygen atmosphere to form an upper electrode, and 
then excellent crystallization and polarization characteristics 
were found by the measurement and the evaluation. This is 
shown in FIGS. 17 and 18. 

[0242] As shown in FIG. 2, it is preferable to control the 
amount of oxygen appropriately by introducing oxygen 
sknultaneously to the downstream of the vaporization part in 
order to reduce the difference of the composition ratio, and to 
decrease the carbon content, provided that oxidizmg gas such 
as oxygen is introduced from the gas inlet 4 or the primary 
oxygen supply port closest to the jet port. The content of 
carbon in the fonned film can be decreased by 5 to 20% 
compared to the pnor art. Tlie SBT thin film deposition pro- 
cess shall be described by using FIG. 20. Tlie second valve is 
opened, the first valve is shut, and a few minutes after the 
reaction chamber is drawn to a high vacuum, the wafer is 
transfen^ from the loading lock chamber to the reaction 
chamber. At this moment, 

Hexaethoxy strontium tantalum Sr[Ta(OC2H5)g]2 0.1 mole 
solution ("Solvent: Hexane) 

0.02mlinin 

lon-t-amvloxide bismuth Bi(0-t-C3Hii)3 0.2 mole solution 

(Solvem: Hexane) 
0.02 ml miii 

First tirni. \r 'Hic i u n>di.Led ii.lo the gas miet 4) 
First earner (J, 1 0 seem ( introduced into the gas inlet 4) flow 
into the \dpon/cr md iredi.mnti 'he \atuum p'imp \ia the 
second vahe and the aiitonutic prcssiiie t tgal jtiiig v div e I he 

latmg valve to 4 lorr, ai this lime. ' 

[0243] A few nunutes after the wafer is transferred, if the 
temperature is steatfy, the following gas flows into the reac- 
tion chamber thereof, the first valve is opened and the second 
valve is shut to start depositing. 

Hexaedioxy strontium tantalum Sr[Ta(OC2H5)j2 0.1 mole 
solution (Solvent: Hexane) 0.02 ml/min 
Tori-t-amyloxide bismuth Bi(0-t-C5Hii)3 0.2 mole solution 
(Solvent: Hexane) 0.02 ml/min 

First carrier Ar=2(X) seem (introduced into the gas inlet 4) 
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First carria- 0^=10 seem {introduced into the gas inlet 4) 
Second carrier Ar=20 seem (introduced into tiie gas inlet 200) 
02=10 seem (introduced into the gas inlet 200) 
Reactant oxygen ©2-200 seem (introduced into the lower 
part 25 of the dispersion jet part) 

Reactant oxygen temperature 216° C. (control the tempera- 
ture by a separately installed heater before introducing from 
the lower part of the dispersion jet pan) 
Wafer temperature 475" C. 

The pressure of the reaction chamber is controlled at 1 Torr 
(by an automatic pressure regulating valve not shown). 
When a required time (in this case 20 minutes) has passed, the 
second valve is opened and the first valve is shut to terminate 
the deposition. 

One minute after the gas in the reaction chamber is drawn to 
a high vacuum to remove the reactant gas completely, the 
wafer is taken out to the loading lock chamber. 

Capacitor Structure 

(0244] Pt (200 nm)/CVDSBT (300 nm)/Pt (175 nm)/Ti (30 
nm)/Si02/Si 

Capacitor Preparation Process 

[0245] Lower part electrode fomiation Pt ( 1 75 nm)/TI (30 
nm) CVDSBT fflm formation (300 nm) 
[0246] SBT film crystallization processing (diffusion liir- 
nace anneal: Wafer 750, 30 min, O, atmosphere) 
[0247] Upper part electrt)de formation Pt (200 nm) 
[0248] Anneal: 650" C, Oj, 30 min 
[0249] Conventionally, since the reaction oxygai (ex- 
ample, 200 seem) was put in the vaporizing tube in a room 
temperature, the organic metal gas was cooled, adhered and 
accumulated to the vaporizing tube. 
[0250] Conventionally, when temperature control of the 
reaction oxygen supplied from a lower part of the vaporizing 
part was comlucted, the temperature of an external wall of a 
stainless pipe was controlled (example: 219° C.) by winding 
up the heater to tlie outside of the stainless steel pipe (Vt 
inches in external tbrm. 10 to 100 cm in length). 
[0251] It was thouglit that the temperature of the external 
wall of the stainless steel pipe (example: 219" C.) was the 
temperature of the oxygen flowing inside the pipe (quantity of 
flow 200 seem). 

[0252] However, m the above mentioned example, it was 
found tliat the temperature went up to about only 35" C. when 
measured by a minute thermocouple. 
[0253] Theretbre. the temperature of the oxygen was pre- 
cisely controlled b\ directly measuring the temperature of the 
oxygen with a minute tlicrmocouple alter the heating thereof 
and by contR'Uing the temperature of tlie heater. It was not 
ea.sy lo raise the temperature of the gas. such as oxygen 
flowing through the pipe, so tiller was put m a heating pipe to 
improve the efficiency of heat exchange. Moreover, the tem- 
perature of the heated oxygen gas was measured, and the 
temperature of heater was appnapriately controlled. The heat 
exchanger show n in the i-'Ki. 20 is the means for the control. 

1 mboJiment 10 
[0254] Embodiment 10 is shown in FIG. 14. 
[0255] The aforementioned emboditnent is a device in 
which the single raw material solution is atomized by spray- 
ing tte gas on each of it, and then, the atomized raw material 
solution was mixed. However, the present embodiment is a 



device in which a plurality of the raw material solution is 
mixed and, next, the mixed raw material solution is atomized. 
[0256] This embodiment has a disperser 150, having a plu- 
rality of solution passages 130<3, IMih for supplying raw 
materia] solution 5a, 5b; a mixtare part 109 for mixing a 
plurality of raw material solutions 5a, 5b supplied from a 
plurality of solution passages 130a, 1306; a supply passage 
110 of which one end communicates with the mixture part 

109 and which has an outlet 107 of the vaporization part 22 
side; a gas passage 120 arranged to spray the carrier gas or the 
mixed gas of the carrier gas and oxygen to the mixture raw 
material solution from the mixture part 109. in the supply 
passage 110; and a cooling means to cool the supply passage 
110. This embodiment also has and a vaporizer having a 
radiation prevention part 102 having a small hole 101 outside 
the gas outlet 107; a vaptjrizalion part 22 for heating the 
carrier gas including the raw material solution and for vapor- 
izing the raw material solution, sent from the disperser 150; a 
vaporization tube whose one end is connected to a reaction 
pipe of a MOCVD unit and whose other end is connected to 
the ouUet 107 of the disperser 150, and a heating means to 
heat the vaporization tube. 

[0257] The present embodiment is effective for the raw 
material solution whose reaction does not progress evenly 
when mixed. Moreover, since the raw material solution is 
atomized after being mixed, it has a more accurate composi- 
tion ratio than the case where the solution is mixed after it is 
atomized. Further, if a means to analyze the composition of 
the raw material solution (not shown) in the mixture part 1 09 
is provided and the amount of supply of the raw material 
solution Sa, 5b is controlled based on the result of the analy- 
sis, the more accurate composition ratio can be obtained. 
[0258] In addition, because it is not necessary to use the rod 
(10 of FIG. 1) in this embodiment, the heat that is transmitted 
with the rod does not heat the inside of the supply passage 
110. Moreover, a cross sectional area of the supply passage 

110 can be smaller than that of the case where the material 
solution is mixed after atomization. In addition, since the 
cross s«;tional area of the outlet 107 can be smaller, the inside 
of the supply passage 110 is hardly heated up due to radiation. 
I herefore, precipitation of a crystal can be reduced without 
disposing a radiation prevention portion 102. However, the 
radiation prevention portion 102 may be arranged as shown in 
FIG. 14 when the fijrther prevention of the precipitation of the 
crystal or the like is desired. 

[0259] Here, though an embodiment having a single small 
hole is shown in the above embodiment, of course, plural 
holes may be adopted. In addition, the small hole of a diam- 
eter of 2 mm or less is preferable. If die device provides a 
plurahty of small holes, it is also possible to make their 
diameter smaller. 

[0260] Moreover in the ab.ne-JescnhederaSidmKnt the 
raw material solutjou is pulled b\ ll e gas wLt i an ai ^le 
between a earner flow passage and the malenal si^lutron 
mtroduction is an acute angle (30 degrees). ITie solution is 
pushed by the gas when the angle is 90 degrees or more. 
Therefore, 30 to 90 degrees are preferable. More concretely, 
the most suitable angle is detenmnal by the solution's vis- 
cosity and quantity of flow. When the viscosity orthe quantity 
of the flow is large, the solution smoothly flows by making it 
a more acute angle. Therefore, the most suitable angle match- 
mg to the viscosity and the quantity of the flow should be 
obtained by an experimait and so on before the practice. 
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[0261] In addition, in tlie above embodiment, it is prefer- 
able to provide a mechaiism to control a distance of space 
between a shower head and a susceptor on an arbitrary dis- 
tance. Furthermore, it is desirable to provide a liquid mass 
flow controller to control the quantity of flow of the raw 
material solution and to provide a degasifying means for 
degasifying it on the upstream side of the liquid mass flow 
controller. If the material solution is introduced into the mass 
flow controller without degasifying, disp^ions of the depos- 
ited films are caused on the same wafer or between the other 
wafers. Dispersion of the film thickness will be remarkably 
reduced by introducing the raw material solution into the 
mass flow controller after helium is degasified. 
[0262] It is possible to fiirtlicr prevent the dispersion of the 
film thickness by providing a means to control the tempera- 
ture of the material solution, a helium pressure-feed con- 
tainer, the liquid mass flow controller and piping in front and 
back to be in constant temperature. Moreover, a change in 
quality of the raw material solution which is chemically 
unstable can be also prevented. When a thin film of SBT is 
formed, the deposition is precisely controlled within a range 
of 5 to 20° C. In particular, the range between 11 to 13° C. is 
desirable. 

[0263] In addition, in the substrate surfece treatment device 
in which a predetomined gas is sprayed on the substrate 
surface of the silicon substrate shown in FIGS. 22, 23 to 
conduct a surface treatment for the substrate surface. Such a 
device is desirable that has and configures an upstream ring 
301 connected to a heat medium entrance 320 for flowing 
through a heat medium, a downstream ring 302 connected to 
a heat medium outlet 321 of the predetermined heat medium, 
and, at least, two heat transmission passages 303a, 3036 
which are connected in a parallel direction to between the 
upstream ring 301 and downstream ring 302 and form a 
passage for the heat medium, and a flow passage directed 
from the upstream ring 301 to downstream ring 302 between 
adjacent the heat transmission passage 303a. 3036 being 
alternated and a heat medium circulation passage desirable to 
make lbs gas to a specified temperature. 
[0264] Moreover, it is preferable that the siihstratc surface 
treatment device is in a prescribed plane m the heat medium 
circulation passage, has a heat conversion board 304 which is 
thermallv connected to the heat medium circulation passage 
m a plane formed with the flow passage of the heat medium in 
the parallel direction, and is able to heat the plane of the heat 
conversion board 304 to the substantially umform tempera- 
wre via the heat medium. 

[0265] furthermore it is preferable that the substrate sur 
face treatment device is in a predetermined plane m the heat 
medium (.irtulat on p ls^ igs. has the heat tcinvtrsion bo ird 
304 which IS thcrmalH toiUietttd o he heat medium circu- 
lation p issdge in the pLiiic li niicd \\ ilh i ic lo \ p lis lie 
the heat mediani u the p it illcl Jircctu r lod is il c t 1 c if 
uicpUneolthelejic I'crsnnha d1ll4u he i' i 
unilorm temper iture Ma t' c he it ti t hi u 
[0266] In addition ai the pUue e 1 d.e 1 e ii e e , . i 
304 It lb preferable that a piuralit> of iii ere n i i i e 
small holes which pass the predetermined nas lo il;e \enicai 
direction of the plane is formed, and the predelcnnined uas 
passmg tte mtercommimication small hole can be heated to a 
substantially uniform temperature m the plane 
[6167] Thus, a direction of the flow passage from the 
upstream ring to the downstream ring between teat transmis- 
sion {Mssages adjacent to the heat medium circulation pas- 



sage can be configured so as to flow in turn. Thus, the differ- 
ence in temperature of the domain that is next to a heat 
transmission passage is configured in high/low/high/low. By 
such a configuration, it is possible to uniformly heat or cool 
down the heat conversion board. In addition, the conflgiua- 
tion also has the heat conversion board which is thermally 
coimected to the heat circulation passage in the plane formed 
with the flow passage of the heat medium in the parallel 
direction ther^o. Thus, it becomes possible to heat the plane 
of the heat conversion board in the substantially uniform 
temperature by the heat medium. 

INDUSTRL'VL /\PPLIC.A.BIL1TY 

[0268] .\ccording to the present invention, a deposition 
device for MOC\T) and a vaporizer tor other devices which 
can be used for a long term without clogging and which can 
stably supply a material to a reaction part can be provided. 
[0269] According to the present invention, it is possible to 
obtain vaporizing gas in which the organic metal materials are 
uniformly dispersed. 

1. A vaporization method, the vaporization method com- 
prising the steps of: introducing raw material solution into a 
gas passage, shearing/atomizing the raw material solution by 
jetting a carrier gas including oxygen to the introduced raw 
material solution to obtain raw material mist, and, then, sup- 
plying the raw material mist to a vaporization part for making 
it vaporize. 

2. The vaporization method of'claim 1 , wherein said jetting 
of said carrier gas is performed at a speed of 10 to 200 m/s. 

3. rhe vaporization method of claim 1, wherein the raw 
matenal solution is introduced at a rale in a range of 0.(X)5 to 
2 cc/min. 

4. The vaporization method of claim 1 , wherein at least one 
of the carrier gas and the raw material gas is made to assume 
a spiral flow and a straightly advancing flow that flows in a 
spiral flow upper layer concomitant in area downstream from 
a portion where the raw material solution was introduced. 

5. The vaponzation method of claim 1, further compnsing 
a step of coolmg the raw matenal gas between a portion 
mtroducmg the raw matenal solution and said vaponzation 

6. The vaponzation method of claim 1, wherein the vapor- 
ization part includes a vaponzation part; and fiirther compns- 
ing a set of uniformly heatii^ the wall of the vaponzation mbe 
by using a heat medium that consists of at least one of a liquid 
and a aas wiih a large thermal capacity. 

7. 1 he vaponzation method of claim 1. hirther composing 
a step of feeding the raw matenal solution forcefully bv using 
helium ha% ina lew gas solubility 

8. Ihe \apon/aiuiii metliod of claim 7. further compnsing 
1 ^tep I 1 e intrs ilii _ llie e, 1 mtitv of flowing of raw material 

111 1 Tee n I'v using the liquid mass flow control 
k liter le i)Mn_ the hel im that lus dissolvcd slightiv 

y 1 e T 1 r lie m u of claim 8 fiirther compnsing 
er * e n I una the temperature of the raw matenal 

s IdtllU a llelium ll reed leeei ellu Ul el Jl J ti e liquid n ISS 

flow controller and pipii^s leiiite tud behind <o j gucii 
temperature. 

10 The vaponzation malnxl iti claim 9 wherein tl e tern 
perature is controlled wiihm a range of 5 to 20" C .. when a 
SB f thm film is to be formed. 

II. The vaponzation method of claim 10, wherein the 
temperatiire is controlled within a range of I2±l° C. when a 
SBT thin film is to be formed. 
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12. The vaporization method of claim 1, characterized by 
controlling the temperature of the raw materials solution, a 
helium forced feed container, and the liquid mass flow con- 
troller, and pipings before and behind to a given temperature. 

13. A deposition method using said vaporizing method 
according to claim 1. 

14. The deposition methodof claim 13, further comprising 
a step of restraining a quantity of a flowing change when a 
reactant gas is flowed into a reaction chamber, by contmuing 
to flow a depositing gas to a vent side through the vaporization 
part, during a reaction waiting time. 

15. Tlie deposition method of claim 13, wherein a pressure 
change and the quantity of the flowing change a restrained 
when the reactant gas is flowed into the reaction chamber, by 
controlling the pressure of the vaporization part, when a reac- 



tant gas is flowed continuously to the vent side through the 
vaporizer, during the reaction waiting time. 

16. The deposition method of claim 14, wherein the heated 
and gasified reaction gas is imiformly dispersed over a large 
area by using a heated shower head. 

17. The deposition method of claim 16, wherein said 
shower head is uniformly heated to a given temperature by 
usii^ heated high temperature gas. 

18. A deposition method according to claim 13, wherein a 
film being deposited is an SBT thin film. 

19. 'fhe deposition method of claim 16, wherein the tem- 
perature of the shower head is controlled to 180 to 250° C. 

20. The deposition method of claim 19, wherein the tem- 
perature of the shower head is controlled to 200 to 220° C . 



